Background While menopausal hormone therapy (MHT) is an established endometrial cancer risk factor, its relationship with mortality among endometrial cancer patients is understudied. Methods Within the NIH-AARP Diet and Health Study, we examined the associations of pre-diagnosis MHT use with 10-year all-cause and endometrial cancer-specific mortality among 890 endometrial cancer patients. We used Cox proportional hazards regression models to estimate hazard ratios (HRs) and 95 % confidence intervals (CIs) adjusted for tumor characteristics, treatment, and other risk factors.
Introduction
Menopausal hormone therapy (MHT) is an established endometrial cancer risk factor [1] . Endometrial cancer risk is 2-10 times higher among estrogen therapy (ET) users [2] , whereas risk among users of estrogen plus progestin therapy (EPT) depends on the duration that progestin is supplied [3] . Short-duration formulations, also termed sequential or cyclic, add a progestin component for less than 15 days per cycle and increase endometrial cancer risk by approximately 15 % compared with nonuse [4] . Longduration formulations, also termed continuous, provide daily progestin and have been shown to lower endometrial cancer by approximately 20 % [1] .
Most of the literature related to pre-diagnosis MHT use and mortality among endometrial cancer cases has focused on ET with inconsistent findings: Some report no significant relationship [5] [6] [7] , while others report lower mortality among ET users [8] [9] [10] [11] [12] [13] . Among the latter group of studies, only two adjusted for potentially favorable tumor characteristics associated with ET, including less invasive stage and lower grade [9, 11] . The inconsistency in the previous literature is likely related to variable ascertainment of ET use (medical record information vs. self-report at time of diagnosis), differences in the inclusion of potential confounders, and small sample sizes which may have led to an inability to detect mortality differences between ET users and nonusers.
Only one previous study has investigated associations between pre-diagnosis EPT and mortality among 683 endometrial cancer cases [13] . EPT (any duration of progestin) was not associated with survival among the case group relative to the expected survival estimated from the general population. Further, relative survival was unrelated to sequential EPT, and no estimates for continuous EPT were provided, presumably due to low number of users in this category. To evaluate further the relationship of prediagnosis MHT use and mortality among endometrial cancer cases, we utilized data from the large, prospective National Institutes of Health (NIH)-AARP Diet and Health Study, which assessed detailed information on MHT formulation, other endometrial cancer risk factors, and endometrial tumor characteristics.
Materials and methods

Study population
The NIH-AARP Diet and Health Study has been described previously [14] . Briefly, a baseline questionnaire was mailed in 1995-1996 to 3.5 million AARP members 50-71 years of age who resided in six states (California, Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania) or two metropolitan areas (Atlanta, GA and Detroit, MI). Between 1996 and 1997, a second risk factor questionnaire, which assessed MHT use in greater detail, was sent to baseline questionnaire respondents who did not have self-reported colon, breast, or prostate cancer at baseline. Our cohort consisted of 1,049 endometrial cancer cases diagnosed a median of 4.6 years (range 0.0-10.1 years) after the second risk factor questionnaire was completed. Of these, we excluded women who reported a hysterectomy before baseline (n = 14), had unknown hysterectomy status (n = 12), menstrual periods that stopped due to surgery (n = 7), premenopausal women (n = 63), women with unknown menopausal status (n = 5), women who developed non-epithelial cancer during follow-up (n = 29), and women with unknown type of MHT (n = 29) leaving 890 incident endometrial cancers with data from the second risk factor questionnaire available for analysis. The NIH-AARP Diet and Health Study was approved by the Special Studies Institutional Review Board of the U.S. National Cancer Institute, and all participants gave informed consent by virtue of completing and returning the questionnaire.
Cancer incidence and treatment information
Incident endometrial cancers were identified by probabilistic linkages with cancer registries in the original recruitment areas and two common states of relocation (Arizona and Texas). Completeness of case ascertainment in the NIH-AARP Diet and Health cohort is high-Michaud and colleagues [15] reported sensitivity of 90 % and specificity of 99.5 % with respect to identification of cases by cancer registry linkage.
Date of cancer diagnosis, histology, stage, grade, and first course of treatment were available from cancer registries. Histology was defined using the International Classification of Diseases for Oncology (ICD-O 3rd Edition), and American Joint Committee on Cancer Staging System was used for classification of stage. Endometrial cancer cases with the following histology codes were included for analysis: endometrioid (8, 380, 8, 382, 8, 383) , adenocarcinoma (8, 140, 8, 210, 8, 560, 8, 570) , mucinous adenocarcinoma (8, 480, 8, 482) , clear cell (8, 310) , serous (8, 441, 8, 460, 8, 461) , mixed cell (8, 323) , carcinosarcoma (8, 950, 8, 951, 8, 980) , and other epithelial histology types (8, 000, 8, 010, 8, 012, 8, 022, 8, 041, 8, 050, 8, 071, 8, 076, 8, 255, 8, 260, 8, 320 ). Tumor grade is only applicable for endometrioid and adenocarcinoma histologic subtypes [16] . Therefore, we created a summary variable incorporating both histology and tumor grade: low-grade (grades 1 and 2) endometrioid or adenocarcinoma, high-grade (grade 3) endometrioid or adenocarcinoma, serous, and other, which included clear cell, carcinosarcoma, and other lowfrequency histology subtypes.
Mortality ascertainment
Addresses for cohort members were updated periodically in response to information provided by the participants and through the National Change of Address database. Vital status and causes of death were ascertained by linkage to the U.S. Social Security Administration Death Master File and the National Death Index Plus through 31 December 2011. ICD-9 and ICD-10 codes were used to identify deaths due to endometrial cancer (ICD-9: 179 and 182; ICD-10: C54-C55). Accuracy of vital status ascertainment in this cohort is greater than 95 % [17] .
Menopausal hormone therapy and covariate assessment As previously described [18] , detailed MHT information, including dates of first and last use, total duration of use, regimen, usual dose, and the name of the pill taken for the longest time, was collected on the second risk factor questionnaire. Women were classified as using EPT-only if the reported dates of estrogen and progestin use overlapped or were within 90 days of each other. Sequential EPT was defined as progestin delivered for less than 15 days per cycle. Although continuous EPT is typically defined as progestin delivered for 25 or more days per cycle, we included women who used progestin for 15-25 days per cycle (n = 36) in our definition of continuous EPT. Inclusion of these women did not materially change our estimates.
Women who reported using ET and EPT without overlapping dates or with unknown duration of progestin were included in a separate category and include: use of EPT after use of ET (n = 86) or after use of progestin-only (PT, n = 4); use of EPT before use of ET (n = 3) or before use of PT (n = 3); use of ET before use of PT (n = 3); use of PT before use of ET (n = 2), and unknown start dates for either ET or PT (n = 33) for a total of 134 women. The baseline questionnaire assessed demographics, body mass index (BMI), reproductive history, oral contraceptive use, menopausal status, family history of cancer, and smoking status, which were all considered potential confounders.
Statistical analysis
Multivariable Cox proportional hazards regression models were used to estimate adjusted hazard ratios (HRs) and 95 % confidence intervals (CIs) for 5-and 10-year allcause and endometrial cancer-specific mortality with age as the underlying time metric. Follow-up time started at the age endometrial cancer was diagnosed and ended at the age that death occurred or age at end of follow-up (31 December 2011), whichever occurred first. The proportional hazards assumption was evaluated with likelihood ratio tests comparing models with and without interaction terms between MHT use and follow-up time.
We examined relationships between MHT formulation (no MHT, ET, EPT-only, combinations of ET and EPT), regimen of EPT (sequential or continuous), and recency of use (ET and EPT-only formulations in separate models) with all-cause and endometrial cancer-specific mortality. Recency of MHT use refers to status at the time of the second risk factor questionnaire, not the endometrial cancer diagnosis. Indicator variables for other MHT formulations were included in each model. Tests for linear trend were conducted by entering the categorical variables of recency into the model as ordinal variables.
We first built a base model including MHT formulation, stage (localized, regional, distant), joint histology and tumor grade (low-grade endometrioid, high-grade endometrioid, serous, other), surgery (yes, no), radiotherapy (yes, no), and chemotherapy (yes, no). Variables listed in Table 1 were included in the final model if their addition changed the base model estimates by more than 10 % or if the model fit was significantly improved as assessed by the likelihood ratio test. Thus, the final model included additional adjustment for race, (white, nonwhite), BMI at baseline (\25, 25-29.9, 30-34.9, 35-39.9, C40 kg/m 2 ), smoking status (never, former, current), and diabetes (yes, no). Missing data were treated as separate categories for relevant variables. Effect modification was examined by creating multiplicative interaction terms between MHT formulation and a priori effect modifiers [age at MHT assessment, BMI (3-level categorical variable), stage, and joint histology and tumor grade] and calculating likelihood ratio test statistics comparing models with and without the interaction terms.
We performed several sensitivity analyses. Time between completion of the second risk factor questionnaire and endometrial cancer diagnosis (lag time) varied; therefore, we categorized women into three time blocks by year of diagnosis (1995-1998, 1999-2002, 2003-2006) and tested for interaction with MHT formulation. To account for potential changes in MHT prescribing patterns that may have occurred after publication of the Women's Health Initiative (WHI) results, we truncated follow-up time for all women on 30 June 2002, a date just prior to the release of the WHI results. Finally, we ran analyses excluding women diagnosed with endometrial cancer after 31 December 2001, as these women did not have an opportunity to contribute 10 years of follow-up to the long-term mortality analysis. All analyses were performed using SAS 9.3 software (SAS Institute Inc., Cary, NC).
Results
Cohort characteristics
Our cohort consisted of 890 epithelial endometrial cancer cases diagnosed a median of 4.6 years (range 0.0-10.1 years) after the second risk factor questionnaire was completed. Fifty-six percent (n = 498) of endometrial cancer cases reported no pre-diagnosis MHT use, whereas 8.1 % (n = 72) reported using ET, 20.9 % (n = 186) reported using EPT-only, and 15.1 % (n = 134) reported combinations of ET and EPT. Baseline characteristics of the cohort according to MHT formulation are shown in Table 1 .
Compared with non-MHT users, endometrial cancer cases who used ET prior to their diagnosis tended to be older at enrollment, have post-high school or some college education, have normal BMI, have used oral contraceptives, and were less likely to have regional or distant stage cancers. Prediagnosis users of EPT-only had similar characteristics as their ET counterparts except they were younger at enrollment and less likely to have a history of diabetes compared with non-MHT users.
Mortality during follow-up by MHT formulation
For brevity, we present results for 10-year mortality as we did not observe relationships with five-year mortality. Median follow-up time from the endometrial cancer diagnosis to death or end of follow-up was 8.8 years (range 0-15.1 years). Through 2011, a total of 241 deaths were identified, of which 104 were due to endometrial cancer. Table 2 presents the association between pre-diagnosis MHT formulation and 10-year all-cause and endometrial cancer-specific mortality. More than 40 % of the endometrial cancer cases in this cohort had follow-up of 10 or more years. No association between ET and mortality was observed. Compared with non-MHT users, cases who reported using EPT-only had lower all-cause (HR 0.65, 95 % CI 0.43-0.99) and endometrial cancer-specific mortality (HR 0.51, 95 % CI 0.26-0.98). An examination of specific EPT regimens did not reveal significant associations related to sequential or continuous use of EPT; however, these analyses were based on small numbers of deaths. Table 3 presents HRs for associations between recency of ET and EPT-only with mortality. Recency of use refers to MHT status based on responses from the second risk factor questionnaire. Compared with non-MHT users, former ET users had higher all-cause (HR 1.71, 95 % CI 1.02-2.88, based on 18 deaths) and endometrial cancerspecific mortality (HR 2.17, 95 % CI 0.96-4.90, based on 8 deaths). No significant trend in recency of ET was observed for 10-year all-cause (p-trend = 0.53) or endometrial cancer-specific mortality (p-trend = 0.46). In analyses of EPT-only recency, sequential and continuous EPT users were combined. Women who reported current EPT use on the second risk factor questionnaire had lower 10-year allcause (HR 0.67, 95 % CI 0.43-1.05, p-trend = 0.05) and endometrial cancer-specific mortality (HR 0.54, 95 % CI 0.27-1.11, p-trend = 0.06); however, these results are based on 26 and 10 deaths, respectively.
Additional analyses
We did not observe that the relationship between MHT formulation and 10-year mortality varied significantly according to the presence or absence of a number of risk factors and clinical characteristics of the tumors (Table 4) . However, we did note that EPT was associated with improved survival in young women and obese women. Furthermore, we did not observe significant heterogeneity of MHT formulations by lag time for 10-year all-cause (p interaction = 0.22) or 10-year endometrial cancer-specific mortality (p interaction = 0.36) (Supplementary Table 1 ). In analyses where follow-up was ended on 30 June 2002 to account for potential changes in MHT use after the release of the WHI results, patterns of association were similar to the main results, but nonsignificant, due to the lower number of cases included in the model (data not shown). Further, as women diagnosed after 31 December 2001 did not have an opportunity to contribute a full 10 years of follow-up to the long-term mortality analysis, we examined 
Discussion
In this prospective study of women diagnosed with endometrial cancer, pre-diagnosis use of EPT was inversely associated with 10-year all-cause and endometrial cancerspecific mortality. When examined by recency of use, endometrial cancer cases with more proximate exposure to EPT had borderline lower risks of dying; however, these results were based on small numbers of deaths. Additionally, endometrial cancer cases reporting former ET exposure on the second risk factor questionnaire had higher risks of death compared with endometrial cancer cases that did not use MHT.
Only one previous study has examined EPT and outcomes among endometrial cancer cases [13] . Relative to survival in the general Swedish population, neither EPT (all durations of progestin combined) nor sequential EPT was associated with survival in endometrial cancer cases. Similar to our study, the prior analysis was limited by a small numbers of EPT users, which may have reduced their ), smoking status (never, former, current), diabetes (never, ever), stage (localized, regional/distant, missing), histologic subtype (low-grade endometrioid, high-grade endometrioid, serous, other), surgery (yes, no), chemotherapy (yes, no), radiotherapy (yes, no) b p values for trend were calculated using the Wald test for the ordinal variable based on the categories and referent group shown c Two women classified as ET users were missing information on status d One woman classified as an EPT-only user was missing information on status ability to detect associations between EPT users and nonusers. Our study provides evidence that EPT, which is associated with lower risk of developing endometrial cancer [3] , is also inversely associated with mortality following an endometrial cancer diagnosis.
To date, the literature has been inconsistent regarding the relationship between pre-diagnosis ET use and mortality among women with endometrial cancer [5] [6] [7] [8] [9] [10] [11] [12] [13] . Some studies have shown that pre-diagnosis ET use is not associated with mortality after accounting for tumor grade [5, 6] , while others report lower mortality associated with ET use after adjustment for grade [9, 11] . Overall, we did not observe an association between pre-diagnosis ET use and mortality among endometrial cancer cases in models that were unadjusted for tumor characteristics (stage or the joint histology and tumor grade variable) or in fully adjusted models. Based on small numbers, we did observe higher risks of death associated with former use of ET. These results should be interpreted cautiously, as we lacked information on the exact timing of MHT use in relation to the endometrial cancer diagnosis. Our method of ascertainment differs from those studies that assessed ET use through personal interviews soon after the endometrial cancer diagnosis [9, 11] or through medical record review [6] . Further, changes in the type and dose of ET have occurred over time [19] , which may be a contributing factor to differences between our results and the previous literature, as our study included endometrial cancer patients diagnosed between 1996 and 2006, while the previous literature included endometrial cancer patients diagnosed in the 1970s and 1980s. MHT use may affect endometrial cancer mortality through a number of mechanisms. One such mechanism is through promotion of favorable tumor characteristics. Stage, grade, and tumor subtype are strongly related to mortality among endometrial cancer cases [20] . Some have noted that MHT use, specifically ET, is associated with early-stage and well-differentiated tumors [6, 9, 13, [21] [22] [23] [24] . Conversely, the WHI randomized trial did not report differences in these characteristics between users and nonusers of MHT [25] . In our study, the distribution of stage significantly differed across MHT formulations. EPT users and non-MHT users had a similar prevalence of localized tumors, whereas ET users had a lower prevalence of localized tumors, which contradicts previous studies. We observed no difference in the combined histology/tumor grade variable by MHT formulation. Importantly, the addition of these variables to the model did not change the association between MHT formulation and mortality. If MHT affected mortality only by producing favorable tumor characteristics, we would expect this survival advantage to be eliminated after statistical adjustment for these characteristics. Further, we did not observe major differences in the association between MHT formulation and mortality when we stratified by these tumor characteristics.
Increased medical surveillance has been offered as an explanation for better survival outcomes among MHT users [5, 9] . MHT users may have a higher frequency of encounters with medical providers compared with non-MHT users, which may result in the detection of early-stage tumors and hence more favorable prognosis. As mentioned above, we observed similar proportions of localized tumors among EPT users and non-MHT users. Therefore, our findings do not support the theory that increased surveillance, with earlier detection of endometrial tumors, is responsible for the association between EPT use and lower mortality.
Some have noted that MHT users are more educated and affluent than women in the general population [19, 26] , which may influence outcomes. Further, MHT users tend to participate in more health-promoting activities such as maintaining a healthy body weight and engaging in physical activity [19] . We observed these characteristics in our study population; women who used MHT were more likely to have more years of education and normal BMI, but less likely to have diabetes. Importantly, only some of these variables proved to be important confounders in our study population, and adjustment for these characteristics did not alter our associations. There may, however, be residual confounding by income, access to health care, and other factors not directly measured in this study. Additionally, there is a possibility that selection factors regarding the prescription of MHT influenced our results. For example, hypertension and heart disease are associated with higher mortality, yet these diseases are contraindications to MHT prescription. Consequently, if women with these conditions were excluded from our study population of MHT users, the risk of dying among MHT users would be downwardly biased to be more protective.
The major strength of our study is the use of a prospective cohort to assess associations between MHT formulation and mortality outcomes among endometrial cancer cases, which has been inadequately addressed in the literature. Furthermore, our outcomes were standardly assessed, and we were able to control for other factors related to mortality among endometrial cancer patients. The major limitation of our study is our assumption that MHT status, which was self-reported on the 1996 risk factor questionnaire, remained constant during the followup period. Other studies have shown the WHI results produced a dramatic decline in MHT use [27] . Our analyses limited to events occurring before this date show no association between EPT-only MHT and mortality, potentially reflecting limited statistical power. Although a third risk factor questionnaire assessing MHT use was sent to participants in 2004, the frequency of responses related to MHT use was too sparse to update MHT status. Other limitations include the small numbers of deaths in certain exposure categories, use of self-reported risk factor information that was not updated over follow-up (e.g., BMI), limited follow-up among women diagnosed after 31 December 2001, and lack of detailed information on treatment. As treatment recommendations for early-stage endometrial cancer are uniform, we do not expect treatment differences to play a major role in our findings.
In summary, pre-diagnosis use of EPT was associated with lower 10-year all-cause and endometrial cancerspecific mortality. Future studies examining the biological mechanisms underlying this association are warranted. Our results may be of use to clinicians who treat endometrial cancer patients with previous exposure to MHT.
